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Abstract
Background: Family Medicine Groups (FMG) were introduced in Quebec in 2002 to re-organize primary care
practices and encourage inter-professional service delivery. We measured visits to the emergency department (ED)
for acute complications related to diabetes as a proxy for access to and quality of primary care, before and after the
reform using an open cohort of individuals diagnosed with type 1 and type 2 diabetes.
Methods: The weekly rate of ED visits between April 1, 2000 and March 31, 2012 were derived from administrative
databases. We performed an interrupted segmented regression analysis to obtain the estimated and predicted rates
of visits in the years following the introduction of the reform. An outcome control series of diabetic patients visiting
the ED to treat appendicitis was incorporated to strengthen the study’s internal validity.
Results: After 9 years of reform implementation, we observed a statistically significant absolute decrease of 2.12
and 2.25 ED visits per 10,000 diabetic patients per week to treat acute diabetes-related complications in urban and
rural areas, respectively. However, the magnitude of the changes between the estimated and predicted rates did
not differ significantly over time. No statistically significant change in the rate of ED visits for appendicitis was
observed.
Conclusion: Our findings suggest that the introduction of the FMG model produced reductions in the weekly rate
of avoidable visits to the ED. Our results also imply that despite a greater proportion of the diabetes population
being enrolled with FMG physicians across the province over time, the added benefit may be minimal. More
studies examining this issue are needed to inform future policy.
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Background
In 2000, Quebec’s Clair Commission called for the re-
organization of primary care to place an emphasis on popu-
lation health, in addition to continuity of and accessibility
to care [1]. Since 2002, Family Medicine Groups (FMG)
have been implemented across the province by physicians.
The FMG model for primary care was introduced with the
aim to promote patient enrolment with a primary care
physician and establish inter-professional team-based ser-
vice delivery. The FMG model was taken up to varying de-
grees in all regions across the province with greater
implementation occurring in rural areas during the early
years of the reform [2]. The practices are intended to in-
clude six to ten physicians and two nurses to serve a popu-
lation of 10,000 to 20,000 patients. Ideally, nurses alleviate
physician caseloads by seeing patients whose concerns do
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not require physician expertise. The presence of allied
health professionals such as pharmacists, physiotherapists
or social workers, is not a program requirement and ac-
cordingly varies by practice [3]. Government financial in-
centives are offered to support administrative staff and
nurse salaries, and modernize practices through informa-
tion technology improvements [4]. In return, practices
must guarantee greater access to care through longer prac-
tice hours on weekdays, weekends, and holidays, in addition
to on-call services for vulnerable patients [4, 5]. Increasing
accessibility to and continuity of primary care have been
identified by the Commissioner of Health and Welfare as
health system priorities and FMG practices are considered
the vehicle for achieving these goals [6].
The rise in the prevalence of diabetes over the last two
decades has made it a priority for chronic disease
surveillance in Quebec [7, 8]. As it is estimated that
nearly 80 % of diabetes care takes place in primary care
settings, access to and quality of these services is para-
mount in optimal disease management [9, 10]. Indeed,
glycemic control among type 1 and type 2 diabetes pa-
tients is associated with a lowered risk of acute and long
term adverse outcomes [11, 12]. Thus, although patient
self-care remains key to reducing the risk of complica-
tions, recent evidence suggests that integrated models of
primary care service delivery, such as FMGs, are better
tailored to supporting patients and providers in chronic
disease management [10].
In the context of an aging population, it is of relevance
to policy makers to determine whether reforms to
primary care have changed access to and quality of care
among those with chronic ambulatory care sensitive
conditions (ACSC) that are largely managed by family
physicians. Our objective was to examine the change in
the rate of visits to the ED produced by the FMG model
within the province’s diabetic patient population.
Methods
Study design
We conducted a population-based retrospective study
using a segmented regression analysis of an interrupted
time series. The segmented regression analysis is useful
for determining whether the reform produced any
changes in the outcome, and if so, whether these
changes were abrupt or gradual [13]. The implementa-
tion of the FMG model began in November 2002 [14]
and was treated as an ‘interruption’ in the time series
that distinguished between the pre and post reform
periods. To strengthen our design, we incorporated a
control series for an outcome that we anticipated would
not be correlated with the FMG reform but that would
respond in similar ways as our main outcome series to
contextually relevant threats to the study’s validity. Ac-
cordingly, we selected visits to the ED among diabetic
patients for appendicitis since this is a non-ACSC that
should not be associated with the delivery of primary
care [15] yet is still sensitive to changes in the health
system that are also related to our main outcome series.
Data source
Data from the Quebec Integrated Chronic Disease
Surveillance System (QICDSS) were used for the devel-
opment of healthcare utilization indicators [16]. The
analysis covered 12 fiscal years from April 1, 2000 to
March 31, 2012. The datasets were linked using
scrambled identification numbers and cases of diabetes
(excluding gestational diabetes) were identified from the
medical claims and hospital admissions data using an
algorithm previously validated in a Canadian study
[17, 18]. We based our regional analyses on the health
and social services territorial classification system which
groups 18 regions into four categories (university, periph-
eral, intermediary and remote) according to their proxim-
ity to urban centers [19]. Observations from four health
and social services regions were excluded because service
provision in these areas is either structurally different
from those of the rest of province or due to the tendency
for patients seek care across the border in Ontario thereby
producing unreliable annual estimates of health service
utilization. Accounting for these exclusions, the number
of individuals diagnosed with diabetes ranged from
275,728 in 2000 to 533,438 in 2011.
Outcome measurement
We defined the rate of ED visits for acute diabetes-
related complications and appendicitis among patients
aged 20 and over as our outcomes of interest. We
selected ICD-9 codes based on the Canadian Institute of
Health Information’s list of ambulatory care sensitive
codes specific to diabetes (eg.: hyperglycemic and hy-
poglycemic emergencies) [20]. ED visits occurring be-
tween April 1, 2000 and March 31, 2012 were used in
the analysis. A previously validated algorithm to identify
distinct visits to the ED in Quebec was applied to the
medical claims data [21]. Using the QICDSS, we calcu-
lated mid-year population estimates of the diabetes popu-
lation in Quebec to derive the denominator for the rates.
Statistical analysis
The time series was produced from daily ED records
aggregated to the number of visits per week for each
outcome. This produced 626 weeks (observations) in
our time series, which is consistent with the number of
weeks between April 1, 2000 and March 31, 2012. We fit
a regression line to each segment of the series (before
and after November 2002) using a negative-binomial dis-
tribution and the log of the mid-year diabetic patient
population as the offset term. Our model included an
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intervention variable and a variable denoting time since
the intervention (number of weeks). We included demo-
graphic covariates measured at the province-year level:
average age and sex. We included fixed effect terms for
year and season to control for secular trends in the rate
of avoidable visits to the ED since long-term temporal
changes may be correlated with the FMG practice
model. For instance, fixed effects for year would control
for secular trends in the family physician labor force if
there were a growing preference for practicing part-time.
We also included a linear time variable to address re-
sidual confounding due to unmeasured regional charac-
teristics that could produce gradual trends in the rate of
avoidable visits to the ED. The Durbin-Watson test re-
vealed no significant autocorrelation in the data and ro-
bust standard errors were specified for all models.
The literature recommends at least 12 data points be-
fore and after the intervention, and at least 100 observa-
tions making up each data point, in order to have
sufficient statistical power to detect intervention effects
[13]. Accordingly, we grouped the four regional classifi-
cations into two categories that we refer to as urban and
rural for our main outcome series. Separate regression
analyses were conducted for each region. We performed
a single regression analysis for our control series since
the rate of visits to the ED to treat appendicitis is not
expected to systematically differ by region. We con-
trasted the estimated rate of ED visits from the model
with the extrapolated rate of ED visits, had the reform
not occurred, according to the amount of time elapsed
since the reform was introduced. The effect of the re-
form was computed 3, 6, and 9 years after implementa-
tion, indicated by T3, T6 and T9, respectively, in Figs. 2, 3
and 4. For each time point, the extrapolated rate was
subtracted from the model estimate of the rate of ED
visits: Ŷt (with reform) − Ŷt (without reform) [13]. We reported
results on the additive scale and, therefore, estimates
with negative values indicate a reduction in the rate of
avoidable ED visits. We expressed the magnitude of the
effect as risk differences with 95 % confidence intervals
using the Satterthwaite approximation to calculate the
standard errors. A confidence interval that does not in-
clude zero indicates a statistically significant effect at the
p = 0.05 level. Analyses were performed using SAS ver-
sion 9.3.
Ethics review
Government bodies in legal possession of the databases,
in addition to Quebec’s Comité d’éthique de santé publi-
que and the Commission d’accès à l’information du
Québec, have approved the creation of the QICDSS and
its use for chronic disease surveillance. The creation of
the QICDSS and access to its data meet stringent stan-
dards of security and privacy. This study is part of a
doctoral project that was approved by the Faculty of
Medicine’s Institutional Review Board at McGill University.
Individual participant consent was not required in accord-
ance with the Canadian Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans.
Results
Figure 1 illustrates the relationship between the preva-
lence of diabetes in Quebec and the number of ED visits
by fiscal year. The prevalence of diabetes was steadily in-
creasing over the study period while the number of
avoidable visits to the ED was on the decline. The num-
ber of visits to the ED for appendicitis remained stable
over the follow-up period.
Table 1 presents results from the regression models. In
urban regions, the model estimates a non-significant
change in the level immediately following the reform
(RR = 1.04; 95 % CI = 0.98, 1.10). The change in trend in
the weeks following the reform was also non-significant
(RR = 0.99; 95 % CI = 0.99, 1.00). Results from the model
for rural regions indicated a statistically significant in-
crease in the rate of avoidable visits immediately follow-
ing the introduction of the reform (RR = 1.12; 95 % CI =
1.04, 1.20) and a non-significant change in the trend
(RR = 0.99; 95 % CI = 0.99, 1.00). The final column con-
tains the estimates for the effect of the reform, calcu-
lated from the linear combination of coefficients and
expressed as the post-intervention slope (β1 + β3). The
results indicate that the FMG model produced a signifi-
cant 1 % decrease in the post-reform rate of avoidable
visits to the ED per 10,000 diabetic patients per week
(RR = 0.99; 95 % CI = 0.98, 0.99). Similarly to the urban
regions, a significant reduction of 1 % in the rate of
avoidable visits to the ED per 10,000 diabetic patients
per week was found in the post-reform period. Per an-
nual quarter, this represents a 3 % reduction in the num-
ber of avoidable visits to the ED per 10,000 diabetic
patients. The appendicitis control series indicated no
statistically significant effect of the reform (RR = 1.00;
95 % CI = 0.99, 1.01). Model estimates were robust to
intervention lag terms and control for potential wild
data points.
Estimates from the regression model indicate de-
creases in the weekly rate of avoidable ED visits among
diabetic patients. To contextualize these results, we cal-
culated the difference between the estimated and pre-
dicted rates of avoidable ED visits, expressed as the
number of avoidable visits to the ED per 10,000 diabetic
patients per week, at distinct time points in the post-
reform period. Table 2 quantifies the differences ob-
served between the estimated and predicted rates in
Figs. 2, 3 and 4. For acute diabetes-related visits, we
found decreases in the rates for all time points. The dif-
ferences between the estimated and predicted weekly
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rates were non-significant at 3 years post-reform in
both urban and rural regions, respectively: −0.50
(95 % CI = −1.23, 0.23) and −0.54 (95 % CI = −1.83,
0.75). From T6 onwards, the differences between the esti-
mated and predicted rates were significant in both regions.
A statistically significant reduction of 2.12 (95 %
CI = −2.94, −1.29) and 2.25 (95 % CI = −3.64, −0.85) cases
per 10,000 diabetic patients per week was observed in
urban and rural regions at T9, respectively. This meant
that at T9, 469 weeks post-intervention, there was a differ-
ence of 2.12 visits per 10,000 diabetic patients per week
between the estimated and predicted rates. The incremen-
tal decrease from T3 to T9 was roughly similar between
urban and rural areas. For the appendicitis series, the
Fig. 1 Diabetes prevalence and number of emergency department visits (avoidable and appendicitis) in Quebec, 2000/01 to 2011/12. Legend:
Blue bar = ED visits (avoidable). Red bar = ED visits (appendicitis). Line = Diabetes prevalence
Table 1 Model results for the effect of the FMG reform on visits to the ED among diabetic patients (avoidable and appendicitis)





Trend in the number
of visits per 10,000
diabetic patients per
week before the reform
Level change in the




Trend change in the




Trend in the number of
visits per 10,000 diabetic
patients per week after
the reform
(95 % CI) (95 % CI) (95 % CI) (95 % CI)
Avoidable visits
(urban areas)
9.49 0.99 (0.99, 1.00) 1.04 (0.98, 1.10) 0.99 (0.99, 1.00) 0.99 (0.98, 0.99)
p = 0.07 p = 0.11 p = 0.10 p < 0.05
Avoidable visits
(rural areas)
10.31 0.99 (0.99, 1.00) 1.12 (1.04, 1.20) 0.99 (0.99, 1.00) 0.99 (0.98, 0.99)
p = 0.78 p < 0.05 p = 0.21 p < 0.05
Appendicitis 0.66 1.00 (0.99, 1.01) 0.97 (−0.84, 1.12) 1.00 (0.99, 1.00) 1.00 (0.99, 1.01)
p = 0.29 p = 0.72 p = 0.81 p = 0.28
Estimates are conveyed as rate ratios
Final models included: time, FMG reform, post-FMG variable, dummy variables for seasonal quarter, and dummy variables for fiscal year
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differences between estimated and predicted rates
were consistently non-significant up to and including
T9 (RRT9 = 0.05; 95 % CI = −0.30, 0.40).
We also assessed whether the increases in the magni-
tude of the differences between the estimated and pre-
dicted rates in urban and rural areas were statistically
significant over time from T3 to T6 and from T6 to T9.
Table 3 presents results for the urban, rural and
appendicitis series. For all outcomes, these revealed non-
significant changes in the absolute reduction of avoid-
able ED visits over the follow-up period.
Sensitivity analysis
Given that the rate of ED visits was modeled as a func-
tion of time before and after the introduction of the
reform, an important consideration was our approach to
modeling time trends. The segmented regression ana-
lysis assumes that the intervention produced a sudden
change in the rate of avoidable visits to the ED. To ex-
plore whether our results were sensitive to how our
main model was specified, we modeled the effect of the
reform using a linear spline with a knot located at the
point when the FMG model was introduced. The results
were similar to those produced by the segmented regres-
sion. In urban areas, there was no change in the weekly
Table 2 Results for the rates of emergency department use for




Rate of avoidable ED
visits (per 10,000,
per week)
Rate of ED visits
for appendicitis








post-reform (95 % CI)
Urban
3 −0.50 (−1.23, 0.23) −0.01 (−0.55, 0.53)
p = 0.17 p = 0.97
6 −1.69 (−2.23, −1.14) 0.04 (−0.99, 1.07)
p < 0.05 p = 0.95
9 −2.12 (−2.94, −1.29) 0.05 (−0.30, 0.40)
p < 0.05 p = 0.79
Rural
3 −0.54 (−1.83, 0.75)
p = 0.41
6 −2.23 (−3.56, −0.89)
(p < 0.05
9 −2.25 (−3.64, −0.85)
p < 0.05
Fig. 2 Weekly time series of the rate of avoidable ED visits among diabetic patients in Quebec in urban regions, 2000/01 to 2011/12
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rate of avoidable ED visits per 10,000 diabetic patients in
the pre-reform period (RR = 1.00; 95 % CI = 0.99, 1.00).
In the post-reform period, there was a significant 1 %
decrease in the weekly rate of avoidable ED visits per
10,000 diabetic patients (RR = 0.99; 95 % CI = 0.98, 0.99).
Similar results were observed for the rural regions. In
each model for the urban and rural areas, the estimates
for the pre and post reform slopes were significantly
different from one another. There was no change in the
weekly rate of visits to the ED for appendicitis per 10,000
diabetic patients in the pre-reform period (RR = 1.00; 95 %
CI = 0.99, 1.01) or the post-reform period (RR = 1.00; 95 %
CI = 0.99, 1.01).
Discussion
Interpretation
Our results indicate that the introduction of the FMG
model produced reductions in the weekly rate of avoid-
able visits, suggesting some features of the FMG model
are conducive to either increasing quality of or access to
primary care that in turn contribute to less ED use. In
comparison to other Canadian provinces, primary care
reform in Quebec did not result in an overwhelming re-
structure of services. A 1 % decrease in the weekly rate
of avoidable ED visits per 10,000 diabetic patients
suggests that a greater reduction could be possible under
a more encompassing reform. To place our results in
context, a previous study found a 7 % reduction in the
rate of total ED use in the first 3 years of the FMG re-
form among vulnerable patients who were enrolled with
a physician practicing in a FMG versus those that were
not [22].
The increase in the rate of avoidable visits in rural re-
gions in the weeks closely following the introduction of
the reform could be explained if FMG clinics do indeed
increase access to primary care and therefore address
previous unmet needs. While this would likely have a
greater effect on the use of primary care services versus
the ED, it is common in rural regions in Quebec for the
ED to be used as a source of ambulatory care consult-
ation. In this context, greater access to primary care may
have resulted in greater diabetes screening or manage-
ment in the ED based on pre-existing patterns of health
service utilization.
Our model suggests that the magnitude of the changes
between time points were not statistically significant
from T3 onwards. This is evidenced by the non-
significant post-reform slope (β3 in Table 1) and the ab-
solute changes presented in Table 3. Between 2006 and
2011, the percentage of the population registered with a
Fig. 3 Weekly time series of the rate of avoidable ED visits among diabetic patients in Quebec in rural regions, 2000/01 to 2011/12
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general practitioner in an FMG rose from 14 to 33 %
[23]. Our findings imply that despite a greater propor-
tion of the diabetes population being enrolled with FMG
physicians across the province over time, the added
benefit with regard to ED use may be minimal. A recent
report released by the Auditor General in Quebec re-
vealed shortcomings with how FMG practices have been
implemented [24]. In particular, the report highlighted
problems related to the management of centralized wait-
ing lists for patients without a family doctor, and the
contracts between health and social services agencies
and FMG clinics on their territories that fail to
adequately enforce the reform model in a notable num-
ber of practices [24]. Studies on primary care reforms in
Quebec and Ontario have shown that physicians who
decide to join new models are different from those who
do not [2, 22, 25–29]. In this context, it would also be
relevant to examine whether early adopters, who may be
innovators in their field, implement it differently from
those who join later. Future studies should account for
the time-varying nature of the expansion of the FMG
model across the province to determine whether there is
an indication of a saturation effect. This may be import-
ant for informing policy responses that align with health
system objectives.
On the spectrum of reforms to primary care in
Canada, the FMG model is low-intensity in comparison
to changes adopted in other provinces (e.g. blended
forms of remuneration within team-based practices in
certain primary care models in Ontario) [4]. Insofar that
we can talk of an infrastructure for primary care in
Quebec, the FMG model has the potential to be scaled-
up and incorporate approaches to practice that facilitate
chronic disease management using existing team-based
inter-disciplinary care as a starting point [30]. Previous
studies have suggested the potential for a chronic care
Fig. 4 Weekly time series of the rate of ED visits among diabetic patients for appendicitis in Quebec, 2000/01 to 2011/12
Table 3 Absolute change between estimated and predicted
differences between T3 and T9
Outcome Time point Absolute change (95 % CI)
Avoidable ED visits (urban) T3 to T6 −1.19 (−2.95, 0.57)
T6 to T9 −0.43 (−2.35, 1.49)
Avoidable ED visits (rural) T3 to T6 −1.69 (−3.53, 0.15)
T6 to T9 −0.02 (−1.94, 1.90)
Appendicitis T3 to T6 0.03 (−1.04, 1.11)
T6 to T9 −0.01 (−0.98, 0.96)
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model to reduce costs by decreasing hospitalizations and
ED use among diabetic patients [31, 32].
Strengths and limitations
Our use of administrative data to conduct an interrupted
regression analysis that measured the reform’s effect on
both quality of and access to primary care is relevant for
policymakers, physicians, and to the development of
diabetes surveillance in Quebec. Previous studies have
provided important insight on issues of access, unmet
need and patient experiences with primary care in the
province using patient surveys [5, 33–35], and character-
istics of care that are associated with ED use [36, 37].
We aimed to contribute to this literature by conducting
a province-wide study that examines the effect of the re-
form over time using health administrative data. How-
ever, we expect that some visits for diabetes-related
ACSCs were missed if the specific ICD-9 code used for
outcome ascertainment was not recorded in the data-
base. Under-counting visits to the ED would dampen
any change that occurred due to the reform and thus
produce an under-estimate of its effect.
The QICDSS contains administrative data from 1996
onwards and applies a previously validated 4-year clear-
ance period before distinguishing between incident and
prevalent cases of diabetes [17, 38]. As such, our study
contained 2.6 years of pre-reform data starting in April
2000. The relatively short pre-reform period may affect
our extrapolated rate estimation if the pre-reform trend
in the 137 weeks leading up to the reform is not
representative of the general trend in the years preceding
the change. Booth et al. [39] showed that the rate of
ED visits for acute diabetes-related complications in
Ontario was declining during the 1990s, suggesting that
improved glycemic control in primary care was an
important contributing factor. The downward trend we
observed prior to the FMG reform in Quebec implies a
similar process. We find statistically significant differences
in our main outcomes series after controlling for
confounding and non-statistically significant results in our
control series, which provides support to assertions
that the reform contributed to additional rate de-
creases over time.
This was a physician-led reform and therefore take-up
of the FMG model was, and remains, voluntary with
staggered implementation across regions and time.
Factors such as concurrent reforms are potential threats
to study validity. A limitation of this study was the ex-
tent to which we could separate the effects of changes to
the organization of primary care (the FMG model) from
the effects of other changes that specifically targeted
pathways of care to emergency health services. Caution
when interpreting results from long post-reform periods
is required since delayed and time-varying effects can
complicate the analysis [40]. Given that we have 9 years
of post-intervention follow-up, we cannot discount that
other factors contributed to the effects we observed. It is
possible that the effects observed 9 years after the intro-
duction of the reform also include cumulative effects of
other post- reform initiatives.
We attempted to address this concern using visits to
the ED for appendicitis as a negative control series that
would not be associated with the FMG reform yet is still
sensitive to changes in the health system that are also re-
lated to our main outcome series. For instance, network
clinics were introduced to facilitate the creation of a
service corridor between primary care practices and
specialized care in hospitals for a given territory [41].
Among the main objectives of the network clinics was to
divert patient pathways of care away from the ED by
facilitating access to diagnostic and imaging tests for
individuals with chronic diseases [42]. CT scans are
increasingly used to reduce negative appendectomy rates
by improving the diagnosis of appendicitis, particularly
among patients where clinical presentation is unclear.
This is relevant for diabetic patients where acute abdom-
inal pain can be attributed to other sources of gastro-
intestinal discomfort [43]. While the rate of visits to the
ED for appendicitis would not be affected by the
organization of primary care (FMG reform), it would
potentially be sensitive to changes that offer patients an
alternative entry point for accessing specialized hospital
services. Although the negative control outcome is
unlikely to account for all residual confounding, non-
statistically significant post-reform trends (β1 + β3 in
Table 1) and differences between the estimated and pre-
dicted rates from T3 to T9 in Table 2, lends support to
our inferences that the FMG reform led to a decrease in
ED visits.
This analysis used a single point in time to define the
post-reform period. Although the policy was introduced
in 2002, it was rolled-out over time as more physicians
joined the model. Consequently, despite our use of a
control series we cannot rule out the possibility of bias
due to concurrent interventions. For instance, in 2008 a
centralized waiting list for individuals without family
physicians was introduced which may have also contrib-
uted to reduced use of the ED. A multiple baseline ana-
lysis that incorporated a different T0 for the year each
practice switched to FMG status would have provided
an added safeguard against bias. However this informa-
tion was not available to us.
Conclusion
Our findings suggest that the introduction of the FMG
model produced a reduction in the weekly rate of avoid-
able visits to the ED. In extending this research further,
it would be useful to assess relevant dimensions of
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access to and quality of care separately for diabetes and
other conditions that are largely managed in primary care.
Our results also imply that despite a greater propor-
tion of the diabetes population being enrolled with FMG
physicians across the province over time, the added
benefit may be minimal. Future studies should account
for the time-varying nature of the expansion of the FMG
model across the province and whether there is indica-
tion of a saturation effect. Evidence of this may suggest
that FMG implementation differs according whether
physicians adopted the model in the early or late post-
reform reform period. This in turn may be important for
policy makers if these groups systematically differ from
each other. These considerations are applicable to other
contexts in which reform uptake is voluntary and dif-
fused over time.
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